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DESCRIPTION 

INK JET HEAD, METHOD OF MANUFACTURING THE INK JET HEAD, 
AND INK JET RECORDING DEVICE 

5 

Technical Field 

[0001] The present invention relates to an ink-jet head 
that discharges a liquid and a manufacturing method 
thereof, and an ink- jet recording apparatus. 

10 

Background Art 

[0002] In recent years, various technologies have been 
actively studied whereby luminous elements or filters 
used in displays or the like, and also microlenses or 
15 the like, are formed directly by discharging various 
liquids using ink-jet technology. 

[0003] With such a technology whereby a device is created 
using ink-jet technology, performance requirements with 
respect to the ink-jet head are more stringent than 
20 hitherto. 

[0004] One aspect of performance required of the ink- jet 
head is impact: positioning of ink drops discharged from 
a nozzle. 

[0005] Various proposals have hitherto been made as 
25 methods of improving the impact positioning capability 
of the ink-jet head (see Patent Document 1 and Patent 
Document 2, for example) . 
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[0006] An ink-jet head described in Patent Document 1 
is equipped with a nozzle pipe provided with a nozzle 
that discharges ink at its tip, a piezoelectric element 
attached to the nozzle pipe, a head unit that holds the 
5 nozzle pipe and piezoelectric element, and a head case 
in which a plurality of head units are provided. 
[0007] A head unit is configured so as to be freely 
attachable to and removable from the head case. A head 
unit and head case are aligned while observing the nozzle 
10 position of the tip of the nozzle pipe by means of a 
magnifying glass , and after alignment , are fixed by means 
of a screw, adhesive, or the like. 

[0008] By means of this method, an ink-jet head can be 
provided that offers good alignment precision of a 

15 plurality of nozzles. 

[0009] Meanwhile, an ink-jet recording apparatus 
described in Patent Document 2 improves ink drop 
rectilinearity and reduces satellite occurrence through 
a contrivance of the waveform that passes through the 

20 ink- jet head, and thereby improves impact positioning 
capabil ity , 

[0010] In addition to these systems, ink-jet heads have 
been proposed that achieve good impact positioning 
capability through improvement of nozzle processing 
25 precision, such as the nozzle shape and the spacing of 
nozzles {hereinafter referred to as "nozzle pitch"), 
improvement of the precision of alignment of a nozzle 
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and pressure chamber, water-repellent film formation on 
the nozzle plate, and so forth. 

Patent Document 1: Japanese Patent Application Laid-Open 
NO.SHO 63-74645 
5 Patent Document 2 : Japanese Patent Application Laid-Open 

NO.HEI 9-226105 
Disclosure of invention 

Problems to be Solved by the Invention 

10 [0011] with a conventional ink-jet head, normally an 
operation whereby ink is sucked from a nozzle is necessary 
when the head is first filled with ink, and later, when 
an operation is performed to remove contaminating air 
bubbles inside the ink-jet head. 

15 [0012] The usual method of sucking ink from a nozzle is 
as follows. Thenozzlepartiscutoff from the atmosphere 
by a cap that seals the nozzle part, and then air inside 
the cap is sucked out by means of a pump, negative pressure 
is created inside the cap, and ink is sucked from the 

20 nozzle. 

[0013] However, with an above-described conventional 
ink-jet head, the area of the tip of a nozzle is extremely 
small, and it is very difficult to seal this part with 
a cap . 

25 [0014] A possible method of sealing the nozzle part is 
to seal nozzle parts across a plurality of nozzles by 
means of a cap. 
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[0015] However, with an above - described conventional 
ink-jet head, no contrivance of any kind is provided for 
suction by means of a cap among a plurality of nozzles, 
and therefore when a cap is fitted and suction is performed 
5 by a pump, air seeps in from gaps between the nozzles, 
a sufficient degree of negative pressure cannot be 
achieved inside the cap, and suction of ink inside the 
ink-jet head cannot be performed satisfactorily. 

[0016] On the other hand, this kind of ink-jet head 
10 requires higher impact positioning capability in line 
with higher device densities, and higher impact 
positioning capability is also required of an 
above-described conventional ink-jet head. 

[0017] However, with an above-described conventional 
IS ink- jet head, although considerable improvements have 
been made inimpact positioning capability, consideration 
has not been given to cases in which the temperature 
changes . 

[0018] Therefore, with an above-described conventional 
20 ink -jet head, nozzle pitch varies due to thermal expansion 
and contraction caused by ink- jet head temperature 
changes, and the desired impact positioning capability 
cannot be attained. 

[0019] To avoid such thermal expansion and contraction 
25 due to ink-jet head temperature changes, it is desirable 
to maintain a constant environmental temperature at which 
an ink-jet recording apparatus is used, and prevent the 
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temperature of the ink-jet head from changing. 
[0020] However, a method whereby the environmental 
temperature at which an ink-jet recording apparatus is 
used is kept constant is not a satisfactory method since 
5 it entails large-scale equipment. 

[0021] For this kind of ink-jet recording apparatus, a 
method has been proposed that makes it possible to for 
highly viscous ink to be discharged by having the ink-jet 
head actively heated to, and maintained at, a 
10 predetermined temperature, raising the temperature of 
ink in the ink-jet head, and lowering the viscosity of 
the ink. 

[0022] With this type of ink-jet recording apparatus, 
ink-jet head temperature changes are greater, and nozzle 
15 pitch variations are also large, so that it is necessary 
to consider the effect of nozzle pitch variations on impact 
positioning capability. 

[0023] Itisan obj ect of the present invention to provide 
an ink-jet head capable of performing ink suction from 

20 a nozzle dependably when an ink-jet head provided with 
a plurality of ink discharge units is filled with ink, 
and when a recovery operation is performed in the event 
of a discharge defect, and a manufacturing method thereof, 
together with an ink-jet recording apparatus with good 

25 ink drop impact positioning capability capable of 
constantly maintaining the nozzle pitch of the ink-jet 
head at a desired value. 
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Means for Solving the Problems 

[0024] An ink-jet head of the present invention employs 
a configuration that includes: a nozzle plate in which 
5 a nozzle that discharges ink is formed; a pressure 
application section that applies pressure to ink; a nozzle 
plate holding member that holds the nozzle plate; a head 
plate that holds a plurality of ink discharge units 
composed of at least said nozzle plate and said pressure 

10 application section and said nozzle plate holding member; 
a sealing member that seals a gap between said ink discharge 
unit and said head plate so that air does not pass through 
and supports said ink discharge unit raovably with respect 
to said head plate by itself being deformed; and a fixing 

15 member that fixes said ink discharge unit and said head 
plate after the gap between said ink discharge unit and 
the head plate is sealed by the sealing member, and 
alignment of said ink discharge unit with said head plate 
is performed. 

20 [0025] An ink-jet head manufacturing method of the 
present invention is a manufacturing met ho d of the ink -jet 
head wherein alignment of the ink discharge unit and the 
head plate is performed while discharging an ink drop 
from the ink discharge unit and observing a state of flight 

25 of an ink drop discharged from the ink discharge unit. 
[0026] An ink-jet recording apparatus of the present 
invention employs a configuration that includes the 
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ink-jet head, and a nozzle pitch detection section that 
detects spacing of said nozzles of said ink-jet head. 



Advantageous Effect of the Invention 
5 [0027] According to an ink-jet head and manufacturing 
method thereof of the present invention, ink suction from 
a nozzle can be performed dependably when an ink-jet head 
provided with a plurality of ink discharge units is filled 
with ink, and when a recovery operation is performed in 
10 the event of a discharge defect. Also, according to an 
ink-jet recording apparatus of the present invention, 
the nozzle pitch of the ink-jet head can be maintained 
constantly at a desired value, and an improvement in ink 
drop impact positioning capability can be achieved. 

15 

Brief Description of Drawings 
[0028] 

FIG.l is a cross-sectional diagram showing the 
general configuration of an ink discharge unit used in 
20 an ink-jet head according to Embodiment 1 of the present 
invention; 

FIG. 2 is a cross -sectional diagram showing an 
example of the general configuration of an ink-jet head 
according to Embodiment 1 of the present invention; 
25 FIG. 3 is a cross - sectional diagram showing another 

example of the general configuration of an ink-jet head 
according to Embodiment 1 of the present invention; 
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FIG. 4 is a principal-part enlarged crass-sectional 
diagram showing the general configuration when ink 
repellence processing is executed on the head plate of 
an ink-jet head according to Embodiment 1 of the present 
5 invention; 

PIG. 5 is a schematic cross - sectional diagram for 
explaining an ink filling or similar operation for an 
ink-jet head according to Embodiment 1 of the present 
invention; 

10 FIG. 6 is a schema tic cross-sectional diagram showing 

the state after an ink filling operation is performed 
when an ink-repellent film of an ink-jet head according 
to Embodiment 1 of the present invention has not been 
formed; 

15 FIG. 7 is a side view showing a method of fixing an 

ink discharge unit to a head plate of an ink- jet head 
according to Embodiment 1 of the present invention; 

FIG.8A is a front view showing a method of alignment 
of an ink discharge unit of an ink-jet head with a head 

20 plate according to Embodiment 1 of the present invention; 

FIG.8B is a front view showing a correction method 
for the displacement amount at the time of alignment of 
an ink discharge unit of an ink-jet head with a head plate 
according to Embodiment 1 of the present invention; 

25 FIG.S is a front view showing the manufacturing 

method of an ink- jet head according to Embodiment 2 of 
the present invention; 
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FIG. 10 is a plan view showing the manufacturing 
method of an ink-jet head according to Embodiment 2 of 
the present invention? 

FIG. 11 is a cross - sectional diagram showing the 
5 general configuration of an ink-jet head according to 
Embodiment 3 of the present invention; 

fig. 12 is a front view showing the general 
configuration of an ink-jet recording apparatus that uses 
an ink-jet head according to Embodiment 3 of the present 
10 invention; 

fig. 13 is a graph showing the relationship between 
ink-jet head temperature and nozzle pitch according to 
Embodiment 3 of the present invention; 

FIG. 14 is a schematic diagram showing a detection 
15 method for the nozzle pitch of an ink-jet recording 
apparatus according to Embodiment 4 of the present 
invention ; 

FIG.15A is a schematic diagram showing another 
detection method for the nozzle pitch of an ink-jet 
20 recording apparatus according to Embodiment 5 of the 
present invention; 

FIG. 15B is a schematic diagram showing the operation 
of another detection method for the nozzle pitch of an 
ink-jet recording apparatus according to Embodiment 5 
25 of the present invention; 

FIG. 16 is a front view showing the general 
configuration of an ink - jet recording apparatus according 
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to Embodiment 6 of the present invention; 

FIG. 17 is a front view showing a manufacturing method 
of an ink - j et head according to Embodiment 7 of the present 
invention ; 

5 FIG.18A is a front view showing another 

manufacturing method of an ink-jet head according to 
Embodiment 7 of the present invention; and 

FIG.18B is a plan view showing the general 
configuration after heating in another manufacturing 
10 method of an ink-jet head according to Embodiment 7 of 
the present invention. 

Best Mode for Carrying Out the Invention 
[0029] Embodiments of the present invention will now be 
15 described with reference to the accompanying drawings. 

[0030] (Embodiment 1) 

FIG.l is a cross-sectional diagram showing the 
general configuration of an ink discharge unit used in 
20 an ink-jet head according to Embodiment 1 of the present 
invention . 

[003 1] As shown in FIG.l, an ink discharge unit 12 used 
in an ink- jet head of this example is composed of a nozzle 
plate 1, a wall member 3, an elastic member 4, a diaphragm 
25 5, a reserve fluid chamber structure 8, a piezoelectric 
element 10, and a nozzle plate holding member 11. 

[0032] In FIG. 1, nozzleplate 1 is of 50 umthick stainless 
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steel plate, with a nozzle 2 formed approximately in the 
center of the plate. Nozzle 2 has a tapering shape, with 
a bore diameter of <plO um on the exit side and a bore 
diameter of cp50 pra on the entry side, 
5 [0033] Wall member 3 is of stainless material, and has 
a (p200 um cylindrical hole forming a pressure chamber 
6 formed approximately in its center. The exit-side 
surface of wall member 3 is joined to the entry -side surface 
of nozzle plate 1. 

10 [0034] Elastic member 4 is of approximately 10 urn thick 
rubber material such as silicone rubber, f luororubber , 
or the like . Elastic member 4 is formed on the top surface 
of wall member 3 where there is no hole by means of 
spin - coating , casting, or the like. 

15 [0035] Diaphragm 5 is of stainless material, and is 
pressed against elastic member 4 by being pushed down 
by reserve fluid chamber structure 8. Diaphragm 5 has 
aprojecting section on the part opposite pressure chamber 
6 on the elastic member 4 side, and the thrust of the 

20 elastic member 4 is concentrated in this projecting 
section. Thus, diaphragm 5 improves the sealing 
performance of pressure chamber 6 by increasing the 
contact pressure against elastic member 4 . Diaphragm 5 
is provided withanink supply aperture 7 forming a passage 

25 between pressure chamber 6 and a reserve fluid chamber 
9 . 

[00363 After elastic member 4 has been formed on the top 
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surface of wall member 3 where there is no hole, pressure 
chamber 6 is formed by covering a through-hole bored to 
the same extent in elastic member 4 and wall member 3 
by means of laser processing, drilling, or the like, from 
5 the elastic member 4 side by nozzle plate 1 and diaphragm 
5 . 

[0037] Reserve fluid chamber structure 8 is placed in 
contact with diaphragm 5 so as to cover ink supply aperture 
7, and forms reserve fluid chamber 9 with diaphragm 5, 
10 Reserve fluid chamber 9 is linked to an ink supply section 

(not shown) . 

[0038] An electrode (not shown) is formed on 
piezoelectric element 10 so that an electrical field is 
applied. A pressure application section is configured 
15 by means of this piezoelectric element 10 and diaphragm 
5 . 

[0039] Nozzle plate holding member 11 displaces 
diaphragm 5 toward wall member 3 via reserve fluid chamber 
structure 8 by suppressing movement of piezoelectric 
20 element 10 in the upward direction in FIG. 1 . Nozzle plate 
holding member 11 is in contact with piezoelectric element 
10 and wall member 3. 

[0040] As shown in FIG . 1 , with ink discharge unit 12 
according to Embodiment 1, nozzle plate 1 is configured 
25 soastobeheld attached indirectly to nozzle plate holding 
member 11 via wall member 3, but it is also possible, 
for example, for nozzle plate 1 to be configured so as 
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to be held attached directly to nozzle plate holding member 
11 . 

[0041] Next, an ink discharge operation of ink discharge 
unit 12 will be described. 
5 [0042] First, ink filling is performed as follows: ink 
supply section (not shown} -* reserve fluid chamber 9 — » 
ink supply aperture 1 — * pressure chamber S — * nozzle 2. 
[0043] Next, when a predetermined voltage is applied to 
piezoelectric element 10, piezoelectric element 10 

10 expands in the vertical direction in FIG.l. As movement 
of piezoelectric element 10 in the upward direction in 
FIG. 10 is suppressed by nozzle plate holding member ll, 
piezoelectric element 10 cannot expand toward nozzle 
plate holding member 11. 

15 [0044] Therefore, reserve fluid chamber structure 8 and 
diaphragm 5 move toward wall member 3 while compressing 
elastic member 4. Through this movement, the volume of 
pressure chamber 6 decreases, pressure is applied to the 
ink held inside pressure chamber 6, and ink is discharged 

20 from nozzle 2 . 

[0045] Then, when application of an electrical field to 
piezoelectric element 10 is canceled, expanding 
piezoelectric element 10 returns to its original state, 
and the volume of pressure chamber 6 returns to normal. 

25 At this time, ink is added to pressure chamber 6 from 
ink supply aperture 7, and preparations for the next ink 
discharge are completed. 
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[0G45] With this ink discharge unit 12 , ink was actually 
discharged and the droplet quantity and discharge speed 
were measured. When using ink with a viscosity of 50 cP, 
the discharge quantity was 0.3 picoliter, and the 
5 discharge speed was 8 m/sec. 

[0047] Also, with this ink discharge unit 12 , the voltage 
applied to piezoelectric element 10 was varied by ±30%, 
and variation of the ink drop discharge direction was 
observed. The result of the observation was that, within 
10 a range in which satisfactory ink drops are formed, there 
was no variation whatever in the ink drop discharge 
direction . 

[0048] With a conventional ink-jet head, the discharge 
direction often changes slightly when the voltage applied 

15 to piezoelectric element 10 is varied. The main reason 
for this is that, when a voltage is applied to ink in 
pressure chamber S and nozzle 2 , the pressure distribution 
of ink in pressure chamber 6 and nozzle 2 varies according 
to the magnitude of the pressure. 

20 [0049] In contrast, in ink discharge unit 12 used in an 
ink- jet head of this example, the direction of relative 
movement of diaphragm 5 is virtually parallel to the 
discharge direction of an ink drop discharged from nozzle 
2 . 

25 [0050] Consequently, with ink discharge unit 12 used in 
an ink-jet head of this example, pressure distribution 
in pressure chamber 6 and nozzle 2 is not prone to vary, 
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and it has been made possible to implement a configuration 
whereby there is no variation in the ink drop discharge 
direction even if the voltage applied to piezoelectric 
element 10 is varied. 
5 [00 51] Next, the configuration of an ink - j et head of this 
example provided with a plurality of ink discharge units 
12 configured in this way will be described. FIG . 2 is 
a cross -sectional diagram showing an example of the 
general configuration of an ink-jet head according to 

10 Embodiment 1 of the present invention. 

[0052] As shown in FIG. 2, an ink-jet head 100 of this 
example has a configuration whereby a plurality of ink 
discharge units 12 are located at predetermined spacing 
on a head plate 13 . 

15 [0053] In FIG. 2, recesses are formed in head plate 13 
at the places where ink discharge units 12 are located, 
in order to make it easier to bring ink discharge units 
12 closer to a receiving body 23 (see FIG.8A) comprising 
a recording medium to which ink drops adhere. 

20 [0054] Each ink discharge unit 12 is positioned so that 
its nozzle plate 1 is in close contact with the stepped 
part of the corresponding recess in head plate 13. 
[0055] The gaps between ink discharge units 12 and 
recesses in head plate 13 are sealed by means of sealing 

25 members 14. Sealing members 14 should preferably be of 
an elastic, highly airtight material such as silicone 
rubber, f luororubber , or some other rubber material , for 
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example . 

[0056] Sealing members 14 in ink-jet head 100 of this 
example may also be formed so as to fit between nozzle 
plate 1 of each ink discharge unit 12 and head plate 13 . 
5 [0057] FIG. 4 is a principal-part enlarged 

cross-sectional diagram showing the general 
configuration when ink repellence processing is executed 
on the headplate of an ink - jet head according to Embodiment 
1 of the present invention. 

10 [0058] As shown in FIG. 4, for ink-jet head 100 of this 
example, ink repellence processing may be executed on 
head plate 13 to form an ink-repellent film 15. 
[0059] The same kind of material as the ink-repellent 
film (not shown) formed on nozzle plate 1 of ink discharge 

15 unit 12 can be used satisfactorily as the material of 
ink- repellent film 15. 

[0060] Ink-repellent film 15 on ink-jet head 100 of this 
example is formed on both the surface of head plate 13 
from which ink drops are discharged, and the wall surface 

20 of the aperture part through which ink drops pass. 

[0061] Next, an operation such as ink filling in ink-jet 
head 100 of this example will be described. FIG. 5 is a 
schematic cross - sectional diagram for explaining an ink 
filling or similar operation for an ink-jet head according 

25 to Embodiment 1 of the present invention. 

[0062] As shown in FIG. 5, when ink filling or the like 
is performed for ink discharge units 12 of ink-jet head 
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100 of this example, a suction cap 16 is brought into 
close contact with head plate 13 so as to cover the ink 
discharge surfaces of ink discharge units 12 . 
[0063] In FIG. 5, suction cap 16 is formed from a rubber 
5 material with good adherence to head plate 13, and is 
connected to a suction pump {not shown) via a tube 17. 
[0064] Filling ink discharge units 12 of ink-jet head 
100 with ink and so forth is performed by sucking air 
from inside tube 17 by means of the suction pump while 

10 suction cap 16 is tightly adhering to head plate 13 . 

[0065] In ink-jet head 100, since gaps between ink 
discharge units 12 and the recesses in head plate 13 are 
sealed by sealing members 14, air does not leak from these 
gaps when suction is performed by the suction pump. 

15 [0066] Therefore, with ink-jet head 100 of this example, 
negative pressure inside suction cap 16 can be increased 
satisfactorily, and ink filling and so forth can be carried 
out satisfactorily. 

[0067] Next, the state will be described after an ink 
20 filling operation has been performed when ink- rape 1 lent 
film 15 has not been formed on head plate 13. FIG . 6 is 
a schematic cross - sectional diagram showing the state 
after an ink filling operation is performed when an 
ink-repellent film of an ink-jet head according to 
25 Embodiment 1 of the present invention has not been formed. 
[0068] The result of an ink filling experiment conducted 
when ink-repellent film 15 had not been formed on head 
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plate 13 was that, as shewn in FIG. 6, ink blobs 18 tended 
to form at the ink discharge locations of head plate 13 . 
[0069] with this kind of ink-jet head, if ink blobs 18 
formed on head plate 13 impinge on nozzle 2 of an ink 
5 discharge unit 12 , an ink drop discharge defect will occur. 
[0070] With this kind of ink-jet head, even if ink blobs 
18 do not impinge on nozzle 2, hardening or increased 
viscosity will occur when ink blobs 18 dry, and if these 
should clog nozzle 2 for some reason, blockage of nozzle 

10 2 will occur, and ink drop discharge will be prevented. 
[0071] In contrast, with ink- j et head 100 of this example 
since ink-repellent film 15 is formed on head plate 13 
as shown in FIG. 4, occurrences of ink blobs 18 can be 
kept to a very small number compared with a case in which 

15 ink- repellent film 15 is not formed on head plate 13, 
as shown in FIG . 6 . 

[0072] Next, the manufacturing method of ink-jet head 
100 of this example will be described. FIG. 7 is a side 
view showing a method of fixing an ink discharge unit 
20 to a head plate of an ink-jet head according to Embodiment 
1 of the present invention, 

[0073] In FIG. 7, leaf springs 19 are positioned so as 
to press nozzle plate holding member 11 (see FIG.l) of 
ink discharge unit 12 against head plate 13. 
25 [0074] Screw-holes 20 are formed in head plate 13, and 
leaf springs 19 are fixed to head plate 13 by means of 
screws 2 1 . 
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[0075] By this means, ink discharge unit 12 is fixed to 
head plate 13 so that its nozzle plate 1 is positioned 
on the ink discharge surface side. 

[0076] Silicone rubber used for sealing member 14 is 
5 formed in (fills) the gap between ink discharge unit 12 
and head plate 13 after ink discharge unit 12 is fixed 
to head plate 13 with screws 21. 

[0077] With ink-jet head 100 of this example, since ink 
discharge unit 12 is fixed to head plate 13 with screws 

10 21, and sealing member 14 is formed from elastic silicone 
rubber, ink-jet head 100 has a structure that allows ink 
discharge unit 12 to be removed from head plate 13 . 
[0078] Next, the method of aligning ink discharge unit 
12 withheadplate 13 will be described. FIG.8A is a front 

15 view showing a method of alignment of an ink discharge 
unit of an ink-jet head with a head plate according to 
Embodiment 1 of the present invention, and FIG.8B is a 
front view showing a correction method for the 
displacement amount at the time of alignment of an ink 

20 discharge unit of an ink-jet head with a head plate 
according to Embodiment 1 of the present invention. 
[0079] In FIG.8A, an ink drop 22 is discharged toward 
rece iving body 2 3 from nozzle 2 (see FIG .1) of ink discharge 
unit 12 of ink-jet head 100. Receiving body 23 is held 

25 by a movable stage 24 so as to be able to move in the 
direction indicated by the arrow. 

[008 0 3 Above the path of movement of receiving body 23, 
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a camera 25 is positioned in order to observe the recorded 
image of ink drop 22 formed on receiving body 23 . 
[0081] Ink discharge unit 12 of ink-jet head 100 is 
sandwiched betweenapairof levers 2Gaand2£b. One lever 
5 26a is supported in a movable fashion by a micrometer 
27, and the other lever 26b is supported in a movable 
fashion via a spring 28. 

[0082] in this way, ink discharge unit 12 is supported 
so as to be able to be fixed in a desired position by 

10 means of lever 26a, lever 26b, micrometer 27, and spring 
28 . Although not shown in the figure in order to simplify 
the explanation, a set of lever 26a, lever 26b, micrometer 
27, and spring 28 is also provided in a direction 
perpendicular to the direction of the row of ink discharge 

15 units 12, and movement of ink discharge unit 12 is also 
possible in this direction. 

[008 3] To perform alignment of ink discharge unit 12 with 
headplatel3, first, screws 21 shown in FIG . 7 are tightened, 
fixing ink discharge unit 12 to head plate 13, and in 

20 this state an ink drop 22 is discharged toward receiving 
body 23 from nozzle 2 of ink discharge unit 12. 
[0084] Next, movable stage 24 is moved to a position in 
which the recorded image of ink drop 22 formed on receiving 
body 2 3 can be observed by camera 25 , as shown in FIG . 8 B . 

25 Then the amount of displacement from the desired position 
of the recorded image of ink drop 22 formed on receiving 
body 23 is ascertained by means of camera 25. 
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[0085] To correct this amount of displacement, screws 
21 are loosened so that ink discharge unit 12 can be moved, 
micrometer 27 is rotated and the position of ink discharge 
unit 12 relative to head plate 13 is shifted, and then 
5 screws 21 are tightened again. 

[0085] By repeating this procedure, alignment of ink 
discharge unit 12 with head plate 13 can be performed 
satisfactorily. 

[0087] As ink discharge unit 12 sealing member 14 is 
10 formed from elastic silicone rubber, movement of ink 
discharge unit 12 is facilitated when moved relative to 
head plate 13 , and a sealed state can be maintained after 
the move . 

[0088] Ink drops 22 were actually discharged using an 
15 ink-jet head 100 equipped with five ink discharge units 
12, and the impact positions of ink drops 22 on receiving 
body 23 were measured. 

[0089] The results showed that the situation regarding 
impact on receiving body 23 with this method of aligning 
20 ink discharge units 12 with head plate 13 is extremely 
good, and it was possible to implement an ink- jet head 
100 with an error from the desired impact position of 
±5 jam. 

[0090] As described above, in ink-jet head 100 of this 
25 example, air can be prevented from passing through gaps 
between ink discharge units 12 and head plate 13 by sealing 
those gaps with sealing members 14. 
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[ 0091] Therefore, with ink-jet head 100 of this example, 
it is possible for adequate negative pressure bo be applied 

to ink inside ink discharge unit 12 by sucking air from 
nozzle 2 while suction cap 16 is not in direct contact 
5 with nozzle plate 1 but is in contact with head plate 
13 . 

[0092] consequently, with ink-jet head loo of this 
example, filling of ink discharge unit 12 with ink, and 
recovery in the event of a discharge defect caused by 

10 nozzle 2 of ink discharge unit 12, can be performed 
satisfactorily, and stable ink discharge is possible. 
[0093] In ink- jet head 100 of this example, ink discharge 
unit 12 is supported so as to be able to move relative 
to head plate 13 through the deformation of sealing member 

15 14 made of an elastic material. 

[0094] Therefore, with ink- jet head 100 of this example, 
it is possible to move ink discharge unit 12 by a small 
amount relative to head plate 13 while a sealed state 
is maintained even after sealing member 14 is formed. 

20 [0095] In ink- jet head 100 of this example, ink discharge 
unit 12 is fixed to head plate 13 in an attachable and 
removable fashion. 

[0096] Therefore, with ink-jet head 100 of this example, 
even after alignment has once been performed, it is 
25 possible to carry out removal and realignment. 

[0097] With ink-jet head 100 of this example, it is 
possible to replace ink discharge unit 12 if an ink drop 
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22 discharge defect or ink drop 22 non-discharge occurs. 
[0093] Thus, ink-jet head 100 of this example enables 
flexibility at the time of assembly, and maintainability, 
to be improved. 
5 [0099] With ink-jet head 100 of this example, since ink 
repellence processing has been performed by means of 
ink-repellent film 15 on the surface of head plate 13 
on the side on which ink is discharged, ink tends not 
to adhere in the vicinity of head plate 13 and nozzle 
10 2 . 

[0100] Consequently, with ink-jet head 100 of this 
example, it seldom happens that ink adhering to and 
coagulating on head plate 13 moves to nozzle 2 and causes 
blockage of nozzle 2, and ink can be discharged in a stable 
15 fashion. 

[0101] With ink-jet head 100 of this example, since ink 
repellence processing has also been performed by raeans 
of ink-repellent film 15 on an aperture part of head plate 
13 through which ink drops 22 pass, ink also tends not 

20 to adhere to the wall surface of an aperture part of head 
plate 13, and ink can be discharged in a stable fashion. 
[0102] A pressure application section in ink-jet head 
100 of this example is composed of diaphragm 5 that moves 
relative to nozzle plate 1 and piezoelectric element 10 

25 that drives diaphragm 5, and the direction of relative 
movement of diaphragm 5 is virtually parallel to the 
discharge direction of an ink drop 22 discharged from 
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noz z le 2 . 

[0103} Since ink-jet head 100 of this example uses 
piezoelectric element 10 in the pressure application 
section in this way, flexibility with regard to ink 
5 selection is improved. 

[0104] with ink-jet head 100 of this example, since the 
direction of oscillation of diaphragm 5 is virtually 
parallel to the ink drop 22 discharge direction, variation 
of the rectilinearity of an ink drop 22 can be kept small 
10 even if the intensity of the pressure applied to the ink 
is changed, for instance. 

[0105] In the manufacturing method of ink-jet head 100 
of this example, an ink drop 22 is discharged from ink 
discharge unit 12 onto receiving body 23, and alignment 
15 of ink discharge unit 12 and head plate 13 is carried 
out while observing the impact position of discharged 
ink drop 22 with camera 25. 

[0106] Thus, in the manufacturing method of ink- jet head 
100 of this example, since alignment of ink discharge 
20 unit 12 and head plate 13 is carried out while confirming 
the final impact position of an ink drop 22 on receiving 
body 23 with camera 25, ink drop 22 impact position error 
can be made extremely small. 

[0107] In ink-jet head 100 of this example, the use of 
25 a single-layer piezoelectric element 10 has been shown 
as an example, but a laminated configuration may also 
be used for piezoelectric element 10. 
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[0108] A so-called electrostatic actuator using 
electrostatic force, or a magnetostrictor using magnetic 
force, may also be used as a pressure application section . 
[0109] In ink-jet head 100 of this example, discharge 
5 of ink drops 22 from nozzle 2 of ink discharge unit 12 
has been described as an example , but the liquid discharged 
from nozzle 2 of ink discharge unit 12 need not be a liquid 
containing a black cr colored coloring material for 
creating text or a photograph on recording paper, and, 

10 for example, a liquid containing electrically conductive 
particles for electrode formation , a luminescent material 
used for EL (electroluminescence) , a resinous material 
for creating microlenses, and so forth, can also be used 
satisfactorily. 

15 [0110] With ink-jet head 100 of this example, a 
configuration in which each ink discharge unit 12 is 
equipped with one nozzle 2 has been described as an example , 
but the number of nozzles 2 need not necessarily be one. 
However, when particular importance is placed on variance 

20 of ink drop 22 impact positions, the fewer nozzles 2 there 
are, the better. 

[01113 (Embodiment 2) 

Next, the manufacturing method of an ink-jet head 
25 according to Embodiment 2 of the present invention will 
be described. FIG . 9 is a front view showing the 
manufacturing method of an ink-jet head according to 
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Embodiment 2 of the present invention, and FIG. 10 is a 
plan view showing the manufacturing method of an ink-jet 
head according to Embodiment 2 of the present invention. 
In FIG . 9 and FIG. 10, the same codes are used for 
5 configuration elements that are the same as in ink-jet 
head 10 0 according to Embodiment lof thepresent invention 
and descriptions thereof are omitted. 

[0112] In the manufacturing method of ink-jet head 100 
of this example, the method of observing the state of 

10 flight of an ink drop 22 when discharged from an ink 
discharge unit 12 differs from that in the manufacturing 
method of ink-jet head 100 according to Embodiment 1. 
[0113] As shown in FIG. 9, in the manufacturing method 
of ink-jet head 100 of this example, first, ink drops 

15 22 are discharged consecutively in a fixed cycle, and 
an LED (light emitting diode) 29 is turned on for a short 
time in synchronization with this discharge cycle. 
[0114] Then, in the manufacturing method of ink- jet head 
100 of this example, the state of flight of an ink drop 

20 22 is observed by observing the shadow of ink drop 22 
by means of camera 25. 

[0115] By confirming the state of flight of an ink drop 
22 as described above in the manufacturing method of 
ink-jet head 100 of this example, it is possible to obtain 
25 not only the result after the impact of ink drop 22 on 
receiving body 23, but also information such as the ink 
drop 22 satellite occurrence situation, discharge speed, 
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flight direction, and so forth. 

[0116] Inthe ink -jet head 100 manufacturing method shown 
in FIG . 10 , an ink discharge unit 12 is deployed with respect 
to head plate 13 so that the discharge state of an ink 
5 drop 22 is observed from two directions using two cameras 
25a and 25b and two LEDs 29a and 29b. 

[0117] When ink drop 22 is aligned with head plate 13, 
3 -di rect ional ( 3 - dimens ional ) alignment is normally- 
essential, but with ink-jet head 100 of this example, 

10 since nozzle plate 1 is in intimate contact with head 
plate 13, with regard to the discharge direction of ink 
drop 22, it is sufficient to perform alignment in the 
remaining two directions parallel to head plate 13 . 
[0118] Thus, in the manufacturing me thod of ink- j e t head 

15 100 of this example, the first ink drop 22 discharge 
direction is observed by the camera 2 5a/LED 23a pair, 
and the second ink drop 22 discharge direction is observed 
by the camera 2 5b/LED 29b pair. 

[0119] A method whereby the ink drop 22 discharge 
20 direction is observed from two directions — parallel to 
and perpendicular to the direction of the row of ink 
discharge units 12 — using two pairs of cameras 25a and 
25b and LEDs 29a and 29b in this way has traditionally 
been generally employed. 
25 [0120] However, since cameras have a focal length, as 
is commonly known, if the length of head plate 13 in the 
direction of the row of ink discharge units 12 is greater 
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than the focal Length of the cameras, it is not possible 
to position camera 25b and LED 29b in a direction parallel 
to the direction of the row of ink discharge units 12, 
[0120] Thus, as shown in FIG. 10, in the manufacturing 
5 method of ink-jet head 100 of this example, camera 25b 
and LED 29b are positioned at an angle to the direction 
of the row of ink discharge units 12. 

[0122] Thus, in the manufacturing method of ink- j et head 
100 of this example, the discharge direction of an ink 
10 drop 22 is observed from two directions by means of camera 
25a positioned perpendicular to the direction of the row 
of ink discharge units 12, and camera 25b positioned at 
an angle to the direction of the row of ink discharge 
units 12 , 

15 [0123] Therefore, in the manufacturing method of ink- j et 
head 100 of this example, the focal length of camera 25b 
does not exceed the length of head plate 13 in the direction 
of the row of ink discharge units 12, and good alignment 
between an ink discharge unit 12 and head plate 13 is 

20 possible. 

[0124] As described above, in the manufacturing method 
of ink-jet head 100 of this example, alignment of an ink 
discharge unit 12 with head plate 13 is performed while 
discharging ink drops 22 from ink discharge unit 12. 
25 [0125] Therefore, with the manufacturing method of 
ink-jet head 100 of this example, the final impact position 
of an ink drop 22 can be confirmed, and it is also possible 
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to perform alignment of ink discharge unit 12 with respect 
to head plate 13 while confirming the state of flight, 
including the satellite occurrence situation, discharge 
speed, and so forth. 
5 [0126] Thus, with the manufacturing method of ink-jet 
head 100 of this example, it is possible to prevent the 
installation on head plate 13 of an ink discharge unit 
12 whose ink drop 22 discharge status is defective or 
unstable, and to obtain an ink-jet head 100 with more 
10 stable ink drop 22 impact positioning capability. 

[0127] In the manufacturing method of ink-jet head 100 
of this example, camera 25a and LED 29a may also be 
positioned at an angle to the direction of the row of 
ink discharge units 12. 

15 

[0128] [Embodiment 3) 

Next, the configurationof an ink - jet head according 
to Embodiment 3 of the present invention willbe described, 
FIG. 11 is a cross - sectional diagram showing the general 

20 configuration of an ink- jet head according to Embodiment 
3 of the present invention, and FIG. 12 is a front view 
Showing the manufacturing method of an ink-jet head 
according to Embodiment 3 of the present invention. In 
FIG. 11 and FIG. 12, the same codes are used for 

25 configuration elements that are the same as in ink-jet 
head 100 according to Embodiment l, and descriptions 
thereof are omitted. 
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[0129] As shown in FIG .11, a plurality of ink discharge 
units 12 in an ink-jet head 200 of this example are 
positioned so that spacing P is a uniform distance of 
25.4 mm when the temperature of head plate 13 is 50'C. 
5 [0130] For the sake of clarity, ink-jet head 200 of this 
example is shown in FIG. 11 as having six ink discharge 
units 12 , but ink - jet head 20 0 actually has ll ink discharge 
units 12 , and is farmed so that the distance between nozzles 
at each end (the nozzle pitch) is 25.4 mm. 

10 [0131] The method of fixing ink discharge units 12 to 
headplate 13 in ink- j et head 200 of this example is similar 
to that in ink- jet head 100 according to Embodiment 1, 
and therefore a description thereof will be omitted here, 
[0132] The method of aligning an ink discharge unit 12 

15 with head plate 13 in ink-jet head 200 of this example 
is also similar to that in ink-jet head 100 according 
to Embodiment 1, and therefore a description thereof will 
be omitted here. 

[0133] Next, the general configuration of an ink-jet 
20 recording apparatus that uses ink-jet head 200 of this 
example will be described. FIG. 12 is a front view showing 
the general configuration of an ink-jet recording 
apparatus that uses an ink-jet head according to 
Embodiment 3 of the present invention. 
25 [0134] In ink- j et recording apparatus 300 shown in fig . 12 , 
ink-jet head 200 shown in FlG.ll (fig. 12 shows only a 
plurality of ink discharge units 12 and head plate 13) 



2F05354-PCT 31 

is equipped with a heater 30 as a temperature changing 
section and a thermistor 31 for detecting the temperature 
of the ink- jet head, both located on head plate 13. 
[0135] In FIG. 12, a metal plate is used for head plate 
5 13 from the standpoint of rigidity and thermal 
conductivity, and in ink-jet recording apparatus 300 of 
this example an aluminum plate is used, since aluminum 
is a metal with particularly good thermal conductivity. 
[0136] Heater 30 generates heat through the passage of 
10 electric current, and a plane heater that is in contact 
with the surface of head plate 13 is used to facilitate 
the transfer of heat to head plate 13 . Heater 30 may also 
be embedded in head plate 13 to further improve heat 
trans fer . 

15 [0137] Heater 30 heats and maintains the temperature of 
head plate 13 in accordance with the temperature detected 
by thermistor 31 fitted to head plate 13, and by this 
means ink discharge units 12 are heated to and maintained 
at a desired temperature. 

20 [0138] Next, the operation of ink-jet recording 
apparatus 300 of this example will be described. 
[0139] In ink -jet recording apparatus 300ofthis example., 
first, current is passed through heater 30 in accordance 
with the temperature detected by thermistor 31, and head 

25 plate 13 is heated to and maintained at the desired 
temperature . 

[0140] FIG.13 isa graph showing the relationship between 
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ink-jet head temperature and nozzle pitch according to 
Embodiment 3 of the present invention . As shown in FIG . 13 
when the temperature of head plate 13 rises, the nozzle 
pitch increases due to thermal expansion. 
5 [0141] That is to say, as shown in fig. 13, when the 
temperature of head plate 13 is T2 and the nozzle pitch 
at that temperature T2 is P2 , if the temperature of head 
plate 13 is raised fromT2toTl, the nozzle pitch increases 
to PI due to thermal expansion. 

10 [0142] With ink-jet recording apparatus 300 of this 
example, aluminum is used for head plate 13, and its 
coefficient of linear thermal expansion is 23 . 9xl0E" 6 / 'C. 
[0143] Therefore, when the temperature of head plate 13 
rises by 20°C from a reference temperature, for example, 

15 the nozzle pitch increases by 0.0478%. That is to say, 
since the distance between both ends of the row of nozzles 
2 is 25.4 mm, that distance increases by 12 pm, and the 
impact position error is considerable. 

[0144] Thus, with ink- jet recording apparatus 300 of this 
20 example, if the temperature of head plate 13 during use 
is designated Tl, and the desired nozzle pitch at that 
temperature is designated PI, ink-jet head 200 is made 
so that at a temperature lower than Tl — for example, 
T2 - the nozzle pitch is P2 . 
25 [0145] Also, with ink- jet recording apparatus 3 00 of this 
example, temperature Tl during use is made higher than 
the temperature inside the apparatus and the operating 
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environment temperature . That is to say, it is sufficient 
to provide a heating section for making the head plate 
13 temperature Tl, and a cooling section is not necessary. 
[0146] Therefore, in ink-jet recording apparatus 300 of 
5 this example, in specific terms, an ink-jet head 200 with 
a desired nozzle pitch of 2.54 mm is obtained by making 
the head plate 13 temperature 50'C. 

[0147] With this ink-jet head 200, ink drops 22 can be 
discharged with the desired pitch by passing current 
10 through piezoelectric element 10 [see FIG.l) of ink 
discharge units 12 after the nozzle pitch has reached 
the desired value, 

[0148] Here, in ink- j et head 200 , the temperature of head 
plate 13 is assumed to be 50'C, and at this time the ink 

15 inside an ink discharge unit 12 also rises in temperature, 
and the viscosity of the ink decreases. Therefore, with 
this ink-jet head 200, the desired pressure is applied 
by passing an energizing waveform appropriate to the 
viscosity of the ink through piezoelectric element 10. 

20 [0149] In this state, nozzle pitch measurement was 
carried out while varying the environmental temperature 
in which ink-jet recording apparatus 300 is used from 
10*C to 40'C. The result was that a fixed pitch of 25.4 
mm could be obtained at all times by maintaining the 

25 temperature of head plate 13 at 50'C even though the 
operating environment of ink- jet recording apparatus 300 
was varied from 10'C to 40'C. As the actual pitch 
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measurement, the distance between nozzles 2 at each end 
was measured. 

[0150] ink-jet head 200 used in ink-jet recording 
apparatus 3 00 of this example has a configuration whereby 
5 a plurality of ink discharge units 12 are fixed to head 
plate 13 after being positioned, and therefore has good 
ink drop 22 impact positioning capability. 
[0151] With ink-jet recording apparatus 300 of this 
example, when nozzle pitch P of ink-jet head 200 has not 

10 attained a desired value, if the environmental 
temperature and apparatus temperature vary from the 
initially set temperature and nozzle pitch P differs from 
the desired value, it is possible to change the temperature 
of head plate 13 of ink-jet head 200 by means of a 

15 temperature changing section and correct nozzle pitch 
P to the desired value, the desired nozzle pitch P can 
always be obtained, and good ink drop 22 impact positioning 
capability can be maintained. 

[0152] As the temperature changing section in ink-jet 
20 recording apparatus 300 of this example, heater 30 that 
generates heat through the passage of electric current 
and is attached to head plate 13 is used, and through 
the extremely simple means of heater 30, and the ability 
to directly heat head plate 13 which is to be heated, 
25 temperature changes are effected speedily, and the 
desired nozzle pitch P is obtained, at low cost. 
[0153] Ink discharge units 12 in ink-jet recording 
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apparatus 300 are fixed to head plate 13 in an attachable 
and removable fashion, and readjustment of an ink 
discharge unit 12 can be carried out after initial 
alignment if required since ink discharge units 12 are 
5 attachable and removable. 

[0154] Also, it is possible to replace an ink discharge 
unit 12 if an ink drop 22 discharge defect or ink drop 
22 non-discharge occurs. Thus, an ink-jet head 200 can 
be provided that offers a high degree of flexibility and 

10 maintainability. 

[0155] Inink-jet recording apparatus 300ofthis example 
through the provision of sealing member 14, it is possible 
to perform suction from nozzle 2, and apply negative 
pressure to ink in ink discharge unit 12, in a state in 

15 which suction cap 16 is in contact with head plate 13 
but is not in direct contact wich nozzle plate 1. 
Consequently, ink filling and recovery from a 
non- discharge state can easily be carried out while 
maintaining good ink drop 22 impact positioning 

20 capability. 

[0156] Sealing member 14 is elastic, ink discharge unit 
12 is supported so as to be able to move with respect 
to head plate 13 through deformation of sealing member 
14, and slight movement of ink discharge unit 12 relative 

25 to head plate 13 is possible while maintaining a sealed 
state even after sealing member 14 is formed, enabling 
slight adjustment of the mounting position of ink 
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discharge unit 12 with respect to head plate 13 to be 
carried out easily. 

[0157] in ink-jet recording apparatus 300 of this example, 
one nozzle 2 is formed in one ink discharge unit 12, and 
5 if a plurality of nozzles 2 are provided, as long as 
alignment can be performed dependably for each ink 
discharge unit 12 without the occurrence of error with 
respect to the impact position among that plurality of 
nozzles, impact position error can be made extremely 
10 small. 

[0158] The pressure application section of ink-jet 
recording apparatus 300 of this example is composed of 
diaphragm 5 that moves relative to nozzle plate 1, and 
piezoelectric element 10 that drives diaphragm 5, with 

15 the direction of relative movement of diaphragm 5 being 
virtually parallel to the discharge direction of an ink 
drop 22 discharged from nozzle 2, and flexibility with 
regard to ink selection is improved by using piezoelectric 
element 10 in the pressure application section. 

20 [0159] In ink-jet head 300 of this example, by making 
the direction of oscillation of diaphragm 5 virtually 
parallel to the ink drop 22 discharge direction, variation 
of the rectilinearity of an ink drop 22 can be kept small 
even if the intensity of the pressure applied to the ink 

25 is changed, for instance. 

[0160] According to a manufacturing method of ink-jet 
recording apparatus 300 of this example, alignment of 
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an ink discharge unit 12 and head plate 13 is performed 
while recording an ink drop 22 from ink discharge unit 
12 on receiving body 23 and observing the impact position 
of that ink drop 22, and with this method ink discharge 
5 unit 12 alignment is performed while confirming the final 
impact position, enabling impact position error to be 
made extremely small. 

[0161] According to a manufacturing method of ink-jet 
recording apparatus 300 of this example, the temperature 

10 of head plate 13 during use is Tl, the desired nozzle 
pitch of nozzles 2 of head plate 13 at that temperature 
Tl is PI, and when the temperature of head plate 13 is 
changed to T2 , the head plate 13 nozzle pitch at that 
temperature changes to P2 . That is to say, for head plate 

15 13, when the temperature is T2 , the nozzle 2 nozzle pitch 
is P2 . 

[0162] Therefore, in a manufacturing method of ink-jet 
recording apparatus 300 of this example, nozzle pitch 
P is determined taking the thermal expansion and 

20 contraction of head plate 13 into consideration, and by 
manufacturing ink-jet head 200 so that this determined 
nozzle pitch P is achieved, an ink-jet head 200 can be 
provided in which the desired nozzle pitch P is achieved 
at the temperature at which ink-jet head 200 is actually 

2 5 used. 

[0163] Inink-jet recording apparatus 300 of this example , 
a single-layer piezoelectric element 10 has been used, 
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but a laminated configuration may also be used for the 
piezoelectric element. 

[0164] A so-called electrostatic actuator using 
electrostatic force, or a magnetos trie tor using magnetic 
5 force, may also be used as a pressure application section 
in ink-jet recording apparatus 30C of this example. 

[0165] inink-jet recording apparatus 300 of this example , 
each ink discharge unit 12 is equipped with one nozzle 
2, but the number of nozzles 2 need not necessarily be 
10 one. However, when particular importance is placed on 
variance of ink drop 2 2 impact positions, the fewer nozzles 
2 there are, the better. 

[0166] In ink -jet re cording apparatus 300 of this example , 
heater 30 is attached to head plate 13 as a temperature 
15 changing section, but a heating element may also be formed 
directly on head plate 13. 

[0167] Inink-jet recording apparatus 300 of this example, 
heater 30 is attached to a supporting plate 3, but heater 
30 need not necessarily be attached to supporting plate 
20 3, and it is also possible for heater 30 to be attached 
to ink discharge unit 12 . 

[0168] In ink -jet recording apparatus 300 of this example, 
heater 30 that generates heat through the passage of 
electric current isusedasa temperature changing section , 
25 but it is also possible to use a cooling section that 
absorbs heat by means of a Peltier element or the like, 
for example, and furthermore a configuration is also 
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possible in which both heater 30 and a cooling section 
are used. 

[0169] In ink -jet recording apparatus 300ofthis example 
the liquid sucked from ink-jet head 100 has been assumed 
5 to be ink, but this liquid need not be a liquid containing 
a black or colored coloring material for creating text 
or a photograph on recording paper, and, for example, 
a liquid containing electrically conductive particles 
for electrode formation, a luminescent material used for 
10 EL (electroluminescence) , a resinous material for 
creating microlenses, and so forth, can also be used 
satisfactorily . 

[0170] {Embodiment 4) 

15 Next, the configuration of an ink-jet recording 

apparatus according to Embodiment 4 of the present 
invention will be described. FIG. 14 is a schematic 
diagram showing a detection method for the nozzle pitch 
of an ink-jet recording apparatus according to Embodiment 

20 4 of the present invention. 

[0171] As shown in FIG. 14, according to the detection 
method for the nozzle pitch of an ink-jet recording 
apparatus 200 of this example, the position of a nozzle 
2 is read optically by means of a camera 32 functioning 

25 as a nozzle pitch detection section, and nozzle pitch 
P of nozzles 2 is measured thereby. 

[0172] Camera 32 is supported by a camera moving section 
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33 so as to be able to move in the direction of the row 
of nozzles 2 . 

[0173] In FIG. 14, according to the detection method for 
the nozzle pitch of ink-jet recording apparatus 300 of 
5 this example, camera 32 is first moved by means of camera 
moving section 33 to the position of the endmost nozzle 
2 of the row of nozzles 2 formed in ink discharge units 
12 . 

[0174] Then, according to this method, camera 32 is moved 

10 to the position of the adj acent nozzle 2 , and nozzle pi tch 
P is detected by measuring the amount of this movement. 
[0175] Depending on the case, a method may also be 
satisfactorily used whereby nozzle pitch P is found by 
measuring the spacing of both ends of the row of nozzles 

15 2 formed in ink discharge units 12. 

[0176] Then, according to this method, the value of 
nozzle pitch P obtained by means of the above-described 
method, the value of nozzle pitch P desired when using 
ink-jet head 200, and the coefficient of linear thermal 

20 expansion of head plate 13 are considered , the temperature 
to be maintained for ink-jet head 200 is determined, 
current is passed through heater 30, and head plate 13 
is heated to and maintained at the desired temperature 
in accordance with the temperature detected by thermistor 

25 31 . 

[0177] By this means, the desired nozzle pitch P can be 
obtained when ink-jet head 200 is used. 
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[017S] In ink -jet recording apparatus 300 of this example 
nozzle pitch P of ink-jet head 200 is detected, the 
temperature to be maintained for head plate 13 is set 
based on that value, and thermal expansion of head plate 
5 13 is caused, and the desired nozzle pitch P obtained, 
by having head plate 13 heated to and maintained at the 
set temperature by heater 30. 

[0179] Therefore, with ink-jet recording apparatus 300 
of this example, the desired nozzle pitch P can be 
10 dependably obtained even if nozzle pitch P varies for 
each ink- jet head 200. 

[0180] With ink-jet recording apparatus 300 of this 
example, a method can also be used satisfactorily whereby 
current is passed through heater 30 while measuring nozzle 
15 pitch P, and when the desired nozzle pitch P is obtained, 
that temperature is maintained. 

[0181] With ink-jet recording apparatus 300 of this 
example, camera 32 is moved by means of camera moving 
section 33, but it is also possible to keep camera 32 
20 fixed and move ink- jet head 200. 

[0182] (Embodiment 5} 

Next, another method of detecting nozzle pitch P 
of ink-jet recording apparatus 300 of this example will 
25 be described. FIG. ISA is a schematic diagram showing 
another detection method for the nozzlepitch of an ink - jet 
recording apparatus according to Embodiment 5 of the 
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present invention, and FIG.15B is a schematic diagram 
showing the operation of another detection method for 
the nozzle pitch of an ink-jet recording apparatus 
according to Embodiment 5 of the present invention. 
5 [0183] The difference between this nozzle pitch P 
detection method and the nozzle pitch P detection method 
shown in FIG. 14 is that the position of a nozzle 2 is 
not read directly by means of camera 32 as shown in FIG . 14 , 
but instead, ink drops 22 are discharged from nozzles 

10 2 as shown in FIG.15A, and nozzle pitch P is detected 
by reading the impact positions of those ink drops 22 
by means of a camera 34 as shown in FIG.15B. 
[0184] In FIG.15A, receiving body 23 comprising paper, 
resin film, or the like, is used, ink drops 22 are 

15 discharged onto this receiving body 23, impact on 
receiving body 23, and form ink drop 22 images. 
[0185] Then receiving body 23 on which ink drop 22 images 
have been formed is passed directly beneath a camera 34 
in the direction indicated by the arrow in FIG.15B, and 

20 the impact positions are read. Nozzle pitch P can then 
be read from these impact positions. 

[0186] With this detection method, the nozzle pitch of 
ink-jet head 200 is detected, the temperature to be 
maintained for head plate 13 is set based on that value, 
25 and thermal expansion of head plate 13 is caused, and 
the desired nozzle pitch obtained, by having head plate 
13 heated to and maintained at the set temperature by 
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heater 30. 

[0187] Thus, with this detection method, an ink-jet 

recording apparatus 300 can be provided that enables the 
desired nozzle pitch P to be dependably obtained even 
5 if nozzle pitch P varies for each ink-jet head 200. 

[0183] (Embodiment 6) 

Next, an ink-jet recording apparatus according to 
Embodiment 6 of the present invention will be described. 
10 FIG. 16 is a front view showing the general configuration 
of an ink-jet recording apparatus according to Embodiment 
6 of the present invention. 

[0189] As shown in FIG . 16, an ink - j e t recording apparatus 
400 of this example differs from ink-jet recording 

15 apparatus 300 shown in FIG. 12 in being equipped with a 
plurality of heaters 30 and thermistors 31. For the sake 
of clarity, ink discharge units 12 are not shown in FIG. 16 . 
[0190] In FIG .16, pluralityof heaters 30 are configured 
so that current can be passed through each individually, 

20 making it possible to provide a flexible heat generation 
distribution in the direction of the row of ink-jet head 
200 nozzles. Also, by providing a plurality of 
thermistors 31, it is also possible to measure the heat 
generation distribution in the direction of the row of 

25 ink-jet head 200 nozzles 2. 

[0191] There are various demands with regard to nozzle 
pitch P of ink-jet head 200, and when ink-jet head 200 
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is actually manufactured, various problems arise 
concerning nozzle pitch P of ink-jet head 200. 
[0132] One such problem is the desire to provide an 
ink-jet head 200 nozzle pitch p distribution within 
5 ink- j et head 20 0 . This is a requirement of receiving body 
23 onto which ink drops 22 are discharged, with, for example, 
nozzle pitch P at each end being made slightly longer 
than nozzle pitch P in the center. 

[0193] This problem can be solved by making the calorific 
10 valueof heaters 30 at both ends of ink-jet head 200 greater 
than the calorific value of heater30 inthecenter, thereby 
raising the temperature at both ends of ink-jet head 200 
above the temperature in the center, and increasing 
thermal expansion accordingly. 
15 [0194] By this means, it is possible to make nozzle pitch 
P at each end of ink- jet head 200 longer than nozzle pitch 
P in the center. 

[0195] Another problem is that, when ink-jet head 200 
is manufactured, distribution may occur with respect to 
20 the desired value of nozzle pitch P within ink-jet head 
200 . 

[0196] To solve this problem, it is desirable for heaters 
30 to be given a heat generation distribution, and for 
ink-jet head 200 to be given a temperature distribution 
25 so as to correct the distribution with respect to the 
desired value. 

[0197] A further problem is that, when there i s an ink- j et 
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head 200 calorific value distribution or a difference 
in heat dissipation according to ink-jet head 200 
locations, if uniform heat generation is performed by- 
heaters 30, a temperature distribution occurs in the 
5 ink- j et head, and as a result , a nozzle pitch distribution 
occurs . 

[0198] To solve this problem, it is desirable for heaters 
30 to be given a suitable heat generation distribution 
even if there is a calorific value distribution in ink -jet 
10 head 200, for instance, and thereby make the temperature 
of ink-jet head 200 uniform, and obtain a uniform nozzle 
pitch . 

[0X99] In ink -jet re cording apparatus 400 of this example . 
it is possible to provide a temperature distribution in 
15 the direction of the row of ink-jet head 200 nozzles 2 
by using a plurality of heaters 30 and creating a heat 
generation distribution. 

[0200] By this means, with ink-jet recording apparatus 
400 of this example, when there is an ink-jet head 200 

20 nozzle pitch P distribution within that ink-jet head 200 
and it is wished to eliminate that distribution, or 
conversely, when it is wished to provide a distribution 
for nozzle pitch P within ink-jet head 200, the desired 
nozzle pitch P can be obtained by providing a temperature 

25 distribution corresponding thereto. 

[0201] Also, with ink- jet recording apparatus 400 of this 
example, by using a plurality of heaters 30 and providing 
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a heat generation distribution for ink-jet head 200, if 
there is a calorific value distribution in ink-jet head 
200 when ink-jet head 200 is heated and its temperature 
maintained, or if there are differences in ink-jet head 
5 200 heat dissipation, by providing heaters 30 with a heat 
generation distribution corresponding thereto it is 
possible to perform heating and temperature maintenance 
so that the temperature of ink-jet head 200 becomes 
constant, and the desired nozzle pitch P can be obtained 

10 throughout ink- jet head 200. 

[0202] Ink-jet recording apparatus 400 of this example 
is equipped with a plurality of heaters 30 in order to 
provide a heat generation distribution, but as long as 
a heat generation distribution can be provided, it is 

15 also passible, for example, to use a single heater 30 
that has a heat generation distribution in order to obtain 
the desired heat generation distribution. In this case, 
of course, the heat generation distribution cannot be 
freely changed. 

20 [0203] Also, with ink- jet recording apparatus 400 of this 
example, when ink-jet head 200 is provided with a 
temperature distribution, it is also possible to change 
the waveform applied to the respective piezoelectric 
elements 10 according to that temperature distribution, 

25 and also provide a distribution for the voltage applied 
to the ink in the respective ink discharge units 12. 
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[02 04] {Embodiment 7) 

Next, a manufacturing method of an ink- jet head 
according to Embodiment 7 of the present invention will 
be described. FIG. 17 is a front view showing a 
5 manufacturing method of an ink-jet head according to 
Embodiment 7 of the present invention. 

[0205] As shown in fig . 17 , according to the manufacturing 
method of ink-jet head 200 of this example, heater 30 
and thermistor 31 used for ink-jet recording apparatus 
10 300 are also provided when an ink discharge unit 12 is 
fitted to head plate 13. 

[02063 In FIG. 17, in the manufacturing method of ink- j et 
head 200 of this example, before ink discharge unit 12 
is aligned with head plate 13, head plate 13 is first 
15 heated to and maintained at the temperature at which 
ink-jet head 200 is actually used, using heater 30 and 
thermistor 31. 

[0207] Thereafter, the same kind of operations are 
performed as in the manufacturing method shown in FIG. 9, 
20 and ink discharge unit 12 is aligned with and fixed to 
head plate 13 . 

[0208] According to the manufacturing method of ink- jet 
head 200 of this example, head plate 13 is kept at the 
temperature at which ink-jet head 200 will finally be 
25 used, and alignment of ink discharge unit 12 with head 
plate 13 is carried out in this state. 

[0209] Therefore, according to the manufacturing method 
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of ink-jet head 200 of this example, an ink-jet head 200 
can be obtained in which thermal expansion and contraction 
of head plate 13 is not considered at all , and the desired 
nozzle pitch P can be obtained as long as the temperature 
5 of head plate 13 is kept constant during use. 

[0210] Also, according to the manufacturing method of 
ink-jet head 200 of this example, the same heater 30 is 
used when an ink discharge unit 12 is aligned and when 
ink-jet recording apparatus 300 is actually used, and 

10 head plate 13 temperature irregularities and variations 
are approximately the same in both cases. 
[0211] Therefore, with the manufacturing method of 
ink-jet head 200 of this example, even if there are 
temperature irregularities or variations in head plate 

15 13 when an ink discharge unit 12 is aligned, as long as 
ink discharge unit 12 is aligned satisfactorily in that 
state, the desired nozzle pitch P can be obtained, and 
an ink- j et head 2 00 with good ink drop 2 2 impact positioning 
capability can be provided. 

20 [0212] In this embodiment, it has been assumed that the 
same kind of alignment and fixing method as in Embodiment 
5 is used after performing heating and temperature 
maintenance of headp late 13 , but the same kind of alignment 
and fixing method as in Embodiment 1 may also be used. 

25 [0213] With the manufacturing method of ink- j et head 200 
of this example, heater 30 utilized in ink-jet recording 
apparatus 300 is ultima telyusedto change the temperature 
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of head plate 13, but there may be cases where, although 
this is desirable from the standpoint of impact 
positioning capability, temperature changing by a 
different means is desirable from the standpoint of 
5 efficiency of the manufacturing process. 

[0214] In such cases, it is possible, for example, to 
use a separate high-output heater, or to change not only 
the temperature of head plate 13 but also the surrounding 
environmental temperature. 
10 [0215] An above - described ink discharge unit 12 is 
provided with one nozzle plate 1 in which a single nozzle 
2 is formed. 

[0216] If, on the other hand, one nozzle plate 1 of one 
ink discharge unit 12 is provided with a plurality of 

15 nozzles 2, as shown in FIG.18A and FIG. IBB, for example, 
since the amount of thermal expansion and contraction 
of head plate 13 and the amount of thermal expansion and 
contraction of ink discharge unit 12 differ, there is 
a difference between initial - state nozzle pitch P shown 

20 in FIG.18A and post-heating nozzle pitch P2 shown in 
FIG. 1833 at the junctures of the ink discharge units 12. 
[0217] Thus, in the manufacturing method of ink- jet head 
200 of this example, the temperature of head plate 13 
is controlled at the desired temperature, and the length 

2 5 of head plate 13 is changed to the desired lengthby causing 
thermal expansion or contraction of head plate 13. 
[02183 By this means, with the manufacturing method cf 
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ink-jet head 200 of this example, nozzle pitch P of each 
nozzle 2 of each ink discharge unit 12 fixed to head plate 
13 can be controlled to the desired nozzle pitch P. 

[0219] Ink-jet head 200 of this example may toe configured 
5 so that a plurality of nozzles 2 are provided for one 
pressure chamber 6, and may be configured so that ink 
drops 22 are always discharged simultaneously from a 
plurality of nozzles 2 for forming one pixel. 

[0220] The present application is based on Japanese 
10 Patent Application No . 2 0 05 - 0 3 2 555 filed on February S, 
2005, and Japanese Patent Application No . 2 0 0 5 - 1 3 7 0 3 2 
filed on May 10 , 2005, entire content of which is expressly 
incorporated herein by reference. 

15 Industrial Applicability 

[0221] An ink-jet head of the present invention enables 
ink suction from a nozzle to be performed dependably when 
an ink-jet head is filled with ink, and when a recovery 
operation is performed in the event of a discharge defect , 

20 and not only records text or images by discharging ink 
onto recording paper, but can be applied to industrial 
uses such as formation of a wiring pattern by discharging 
various kinds of metallic ink, color filter formation 
by discharging a color filter material, discharge of 

25 various kinds of material for performing el 
(electroluminescence), and discharge of various kinds 
of material for organic TFT creation, for example. 
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